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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a 
method for measuring a protease inhibitor, 
enabling to quickly and simply measure UTI 
(trypsin inhibitor in urine) in high sensitivity. 

SOLUTION: This method for measuring a 
protease inhibitor comprises mixing a urine 
specimen with a buffer solution, a trypsin 
solution and a substrate solution and 
subsequently measuring the activity of the 
trypsin to measure the concentration of UTI in 
the urine specimen. Therein, a substrate 
solution containing only L-BAPNA (benzoyl- 
arginine-p-nitroanilide) is used as a substrate, 
and a surfactant is added to at least one of the 
buffer solution and the enzyme solution. The 
surfactant is added in an amount of about 1 
wt.% based on the total amount of the 
enzymatic reaction solution. The surfactant 
includes polyoxyethylene(40) octyl phenyl 
ether, polyoxyethylene(lO) octyl phenyl ether, 
3-[(3-colamidopropyl)dimethylammonio]- 
propanesulfonic acid, 3-[(3- 
colamidopropyl)dimethylammonio]-2- 
hydroxypropanesulfonic acid and 
polyoxyethylene sorbitan monolaurate. As 
shown in the graph, the employment of the L- 
B APNA improves the sensitivity of the 
measurement. 
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Title of Invention: 

Method of measuring protease inhibitors, a measurement kit using it, and 
a method of dissolving substrates 

Abstract: 

Purpose of Invention: To provide a method of manufacturing urinary trypsin 
inhibitors which has an excellent measurement accuracy and reproducibility, is 
easy to operate, and does not pose any risk of harming plastic cells. 

Means of Solving the Problems of This Invention: A method of measuring 
urinary trypsin inhibitors by mixing the urine sample, an enzyme solution 
containing trypsin, and a buffer, adding a substrate solution to this mixture to 
perform an enzyme reaction, and measuring the enzyme activity. As the afore- 
mentioned buffer, a buffer prepared in such a way that it contains calcium in the 
ranges of 0.15 ^mol or more per p,g of the trypsin in the reaction solution and 100 
\imo\ or less per ml of the aforementioned urine sample, and, when the aforemen- 
tioned substrate solution is prepared by dissolving the substrate in an organic 
solvent and diluting this solution with water, at least one amphoteric or nonionic 
surface active agent is added to either or both the aforementioned organic sol- 
vent and water. 



Claims: 

(1) A method of measuring protease inhibitors which is a method in which a 
protease inhibitor in a sample is measured by compounding and mixing the 
sample, a protease, calcium, and a substrate and measuring the enzyme activity 
of the aforementioned enzyme; the proportion of the aforementioned calcium is 
in the ranges of 0.15 pmol or more per ^g of the aforementioned enzyme and 100 
Hmol or less per ml of the aforementioned urine sample; the method of com- 
pounding the aforementioned substrate is that a substrate solution is prepared 
by dissolving the aforementioned substrate in an organic solvent, diluting this 
solution with water; and when this dilution is performed, at least one amphoteric 
or nonionic surface active agent is added to either or both the aforementioned 
organic solvent and the water. 

(2) A measurement method in accordance with Claim (1), in which a buffer 
solution is used instead of water in preparing the substrate solution. 



Applicant: 
Agent: 



(3) A measurement method in accordance with Claim (1) or (2), in which the 
organic solvent used in preparing the substrate solution is dimethyl sulfoxide. 

(4) A measurement method in accordance with any of Claims (l)-(3), in which 
the protease is trypsin and the substrate is shown by formula (1) below. 

protective group - (amino acid residual group) n - p-nitroanilide (1) 
(where n is an integer in the range 1-5) 

(5) A measurement method in accordance with Claim (4), in which the substrate 
is a-benzoyl-arginine-p-nitroanilide. 

(6) A measurement method in accordance with Claim (4) or (5), in which the 
sample is a urine sample and the protease inhibitor is a urinary trypsin inhibitor. 

(7) A measurement method in accordance with any of Claims (l)-(6), in which 
the surface active agent is a betaine-type amphoteric surface active agent. 

(8) A measurement method in accordance with any of Claims (l)-(7), in which 
the amphoteric surface active agent is at least one of the following: 3-[(3- 
colamidepropyl)dimethylammonio]-l-propanesulfonic acid and 3-[(3-colamide- 

propyl)dimethylammonio]-2-hydroxy-l-propanesulfonicacid. 

(9) A measurement method in accordance with any of Claims (l)-(7), in which 
the nonionic surface active agent is at least one of the following: polyoxyethyle- 
nesorbitan monolaurate, polyoxyethylenesorbitan monooleate, polyoxyethylene 
(23) lauryl ether, polyoxyethylene (20) cetyl ether, polyoxyethylene (10) octylphe- 
nyl ether, polyoxyethylene nonylphenyl ether, polyoxyethylene alkyl ethers, 
perfluoroalkyl polyoxyethvlene ethanols, alkyl fluoride esters, polyethylene- 
glycol mono-p-nonylphenyl ether, polyoxyethylene (30) octylphenyl ether, N,N- 
bis(3-D-gluconamidepropyl) deoxycolamide, n-octyl-p-d-thioglucoside, and 
sucrose monolaurate. 

(10) A measurement method in accordance with any of Claims (1H9), in which 
the proportions of the ingredients of the substrate solution, with respect to the 
total quantity of the solution, are 1-50 mmol/1 substrate, 1-50 wt % organic 
solvent, and 0.1-5 wt % surface active agent. 

(11) A kit for measuring protease inhibitors, which is a measurement kit for 
protease inhibitors provided with a protease, a substrate, and'calcium, and in 
which the proportion of the aforementioned calcium is 0.15 mmol or more per 
mg of the aforementioned enzyme and 100 mmol or less per ml sample; the 
aforementioned substrate is dissolved in a solution; this solution contains an 
organic solvent and a surface active agent; and the aforementioned surface active 
agent is at least one amphoteric or nonionic surface active agent. 

(12) A measurement kit in accordance with Claim (11), in which the solution 
containing the substrate is prepared by dissolving the substrate in an organic 
solvent and diluting this solution with water, and the aforementioned surface 
active agent is compounded with either or both the aforementioned organic 
solvent and water. 



4. 

(13) A measurement kit in accordance with Claim (11) or (12), in which, when 

the reaction solution is prepared by compounding the protease, the substrate, the , 
calcium, and the sample, the pH of this reaction solution is in the range of 5-9, 
the concentration of the aforementioned enzyme in the aforementioned reaction 
solution is in the range of 5-250 mg/1, and the substrate concentration in the 
aforementioned reaction solution is 0.5-25 mmol/1. 

(14) A measurement kit in accordance with any of Claims (11)-(13), in which the 
organic solvent of the solution in which the substrate is dissolved is dimethyl 
sulfoxide. 

(15) A measurement kit in accordance with any of Claims (11)-(14), in which the 
protease is trypsin and the substrate is shown by formula (2) below. 

protective group - (amino acid residual group) n - p-nitroanilide (2) 
(where n is an integer in the range 1-5) 

(16) A measurement kit in accordance with Claim (15), in which the substrate is 
a-benzoyl-arginine-p-nitroanilide. 

(17) A measurement kit in accordance with Claim (11)- (16), in which the surface 
active agent of the solution in which the substrate is dissolved is a betaine-type 
amphoteric surface active agent. 

(18) A measurement kit in accordance with any of Claims (11)-(17), in which the 
amphoteric surface active agent of the solution in which the substrate is dis- 
solved is at least one of the following: 3-[(3-colamidepropyl)dimethylammonio]- 
1-propanesulfonic acid and 3-[(3-colamidepropyl)dimethylammonio]-2-hydroxy- 
1-propanesulfonic acid. 

(19) A measurement kit in accordance with any of Claims (11M18), in which the 
nonionic surface active agent of the solution in which the substrate is dissolved is 
at least one of the following: polyoxvethvlenesorbitan monolaurate, polyoxy- 
ethylenesorbitan monooleate, polyoxyethylene (23) lauryl ether, polyoxyethylene 

(20) cetyl ether, polyoxyethylene (10) octy'lphenyl ether, polyoxyethylene non- 
ylphenyi ether, polyoxyethylene alkyl ethers, perfluoroalkyl polyoxyethylene 
ethanols, alkyl fluoride esters, polyethyleneglycol mono-p-nonylphenyl ether, 
polyoxyethylene (30) octylphenyl ether, N,N-bis(3-D-gluconamidepropyl) 
deoxycolamide, n-octyl-(3-d-thioglucoside, and sucrose monolaurate. 

(20) A measurement kit in accordance with any of Claims (11H19), which is 
provided with the buffer Rl, the enzyme solution R2, and the substrate solution 
R3 mentioned below, in the volume proportions of R1:R2:R3 = 30-90:5-40:5-30. 

(Rl) A buffer solution containing calcium in the ranges of 0.15 umol or more per 
ug of the aforementioned enzyme and 100 umol or less per ml of the sample. 

(R2) An enzyme solution containing the protease. 

(R3) A substrate solution containing the substrate, an organic solvent, and a 
surface active agent; the aforementioned surface active agent is at least one 
amphoteric surface active agent or nonionic surface active agent. 
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(21) A method of dissolving the substrate, in which the substrate is dissolved in 
an organic solvent and this solution is diluted with water, and at least one am- 
photeric surface active agent or nonionic surface active agent is added to either 
or both the aforementioned organic solvent or the water. 

(22) A method of dissolving the substrate in accordance with Claim (21), in 
which the dilution is performed with a buffer solution instead of water. 

(23) A method of dissolving the substrate in accordance with Claim (21) or (22), 
in which the organic solvent used in preparing the substrate solution is dimethyl 
sulfoxide. 

(24) method of dissolving the substrate in accordance with any of Claims 
(21)-(23), in which the substrate is shown by formula (3) below. 

protective group - (amino acid residual group) n - p-nitroanilide (3) 
(where n is an integer in the range 1-5) 

(25) A method of dissolving the substrate in accordance with any of Claims 
(21)-(24), in which the surface active agent is a betaine-type amphoteric surface 
active agent. 

(26) A measurement method in accordance with any of Claims (21)-(25), in 
which the amphoteric surface active agent is at least one of the following: 3-1(3- 
colamidepropyl)dimethylammonio]-l-propanesulfonic acid and 3-[(3-colamide- 
propyl)dimethylammonio]-2-hydroxy-l-propanesulfonicacid. 

(27) A measurement method in accordance with any of Claims (21)-(26), ™ 
which the nonionic surface active agent is at least one of the following: polyoxy- 
ethylenesorbitan monolaurate, polyoxyethylenesorbitan monooleate, P ol y ox y; 
ethylene (23) lauryl ether, polyoxyethylene (20) cetyl ether, polyoxyethylene (10) 
octylphenyl ether, polyoxyethylene nonylphenyl ether, polyoxyethylene allcyl 
ethers, perfluoroalkyl polyoxyethylene ethanols, alkyl fluoride esters, polyetnyl- 
eneglycol mono-p-nonvlphenyl ether, polyoxyethylene (30) octylphenyl ether, 
N,N-bis(3-D-gluconamidepropyl) deoxycolamide, n-octyl-(W-thioglucoside, ana 
sucrose monolaurate. 

(28) A method of dissolving the substrate in accordance with any of Claims (21)- 
(27), in which the proportions of the ingredients of the substrate solution, with 
respect to the total quantity of the solution, are 1-50 mmol/1 substrate, 1-50 wt /» 
organic solvent, and 0.1-5 wt % surface active agent. 

Detailed Explanation of Invention: 

Industrial Field of Application 
This invention concerns a method of measuring protease inhibitors, a 
measurement kit using this method, and a method of dissolving substrates. 
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Prior Art 

Recently, urinary trypsin inhibitors, including urinary trypsin inhibitors 
(UTI), have been noted as indicators of the condition of the body, and various 
studies have been performed on them in the field of clinical medicine. For exam- 
ple, it is known that the aforementioned UTI appear in the urine when the body 
is exposed to endogenous or exogenous stresses, such as inflammations and 
surgery (T. Kuwajima et al., Nyochu toripushin inhibita no rinshoteki igi [The clinical 
significance of urinarv trypsin inhibitors], Japanese Journal of Inflammation, review 
article, Vol. 9, No. 3, May 1989). 

Since the aforementioned urinary tripsin inhibitors inhibit trypsin activity 
in correspondence with their quantity, they are measured by measuring the 
degree of inhibition of trypsin activity. This measurement can be performed, for 
example, by a method of mixing a urine sample, an enzyme solution containing 
trypsin, and a buffer, adding a substrate solution to this, and measuring the 
enzvme reaction. 

In this measurement, benzovl-arginine-p-nitroanilide (BAPNA) can be used 
as the substrate. However, since BAPNA is difficult to dissolve, the substrate 
solution is prepared by first dissolving BAPNA in dimethylsulfoxide (DMSO) 
and diluting this solution approximately 2 times with water. Moreover, when 
this measurement is performed, calcium, a trypsin activator, is used; ordinarily, 
the calcium is compounded with the aforementioned buffer. 

Problems That the Inv ention Ts to Solve 

However, the conventional measuring method has the following problems. 

First, if the calcium concentration in the buffer, etc., is low, the effect of the 
calcium present in the urine sample will be felt from the beginning, and as a 
result, the trypsin will be activated and the value measured will be lower than 
the true urinary trypsin inhibitor concentration. Moreover, if an excess quantity 
of calcium is added, it will react with the carbonate, phosphate, etc., ions in the 
urine and produce a precipitate, which will affect the measurement. In order to 
prevent this, a pre-treatment, such as centrifuging, may be performed, but the 
measurement operation will become more complex. 

Next, there is a risk that the organic solvent, such as DMSO, may harm the 
plastic cells which are generally used in automatic analyzers; therefore, the 
quantity of the organic solvent used is limited. Consequently, the quantity of the 
substrate which can be dissolved is also limited, and as a result it becomes more 
difficult to increase the measurement sensitivity, and there are limits on the 
simultaneous reproducibility of the measurement. Furthermore, there is a risk 
that the activity of the trypsin will be limited by the use of the organic solvent. In 
addition, it is possible to dissolve BAPNA, which is difficult to dissolve, by using 
an organic solvent, but the results of this use are not sufficient, and when the 
substrate solution is stored in a cold place for a long period, there is a risk that 
the BAPNA will crystallize out. Therefore, in the conventional measurement 
method, when difficult-to-dissolve substances such as BAPNA are employed by 



7 



using organic solvents, the substrate solution must be prepared each time it is 
needed for a measurement, and the measurement must be performed immediate- ^ 

Therefore, the purpose of this invention is to provide a method of manufac- 
turing urinary trypsin inhibitors which has an excellent measurement accuracy 
and simultaneous reproducibility, is easy to operate, and does not pose any nsk 
of harming plastic cells, as well as a measurement kit which uses this method, 
and a method of dissolving substrates. 

Mpans of S nl ving Thes? Problems 
In order to accomplish this purpose, the method of measuring protease 
inhibitors of this invention is a method of measuring protease inhibition in 
samples by mixing the sample, a protease, calcium, and a substrate and measur- 
ing the enzyme activity of the aforementioned enzyme. The ranges of the afore- 
mentioned calcium are 0.15 umol or more per ug of the trypsin in the reaction 
solution and 100 umol or less per ml of the aforementioned sample The method 
of compounding the aforementioned substrate [solution] is to dissolve the 
substrate in an organic solvent and dilute this solution with water to form the 
substrate solution. When this dilution is performed, at least one amphoteric or 
nonionic surface active agent is added to either or both the aforementioned 
organic solvent and water. 

In the measurement method of this invention, in this manner, the propor- 
tion of the calcium used is defined, and specific surface active agents are used 
together with the organic solvent in compounding the substrate [solutionj. lhat 
is, if the calcium content in the reaction solution is 0.15 umol or more per ug of 
the trypsin, the trypsin activity is made constant, so that there is no danger that 
the effect of the calcium in the urine will be felt. Furthermore, if the calcium 
content in the reaction solution is 100 umol or less per ml of the urine sample, a 
precipitate will not be produced and there is no danger of bad effects on the 
measurement; in addition, difficult operations such as centrifugation can be 
eliminated. Furthermore, by using the aforementioned specific surface active 
agents, the quantity of the organic solvent, such as DMSO, used can be reduced 
and sufficient quantities of substrates which are difficult to dissolve, such as 
BAPNA, can be used. As a result, since the quantity of the organic solvent is 
small, damage to the plastic cells can be prevented, and since a suffiaent quanti- 
ty of substrate can be used, the measurement accuracy is increased and simulta- 
neous reproducibility is improved. Furthermore, the solubility of the substrate 
can be improved, and crystallization can be prevented, by using specific surface 
active agents. 

In the method of measurement of this invention, one can also use a buffer in 
place of water in the preparation of the substrate solution, and it is desirable to 
use DMSO as the organic solvent. 

In the measurement method of this invention, it is desirable for the protease 
to be trypsin, and for the substrate to be the substrate shown by the aforemen- 
tioned formula. As the aforementioned substrate, a-beiizoyl-arginine-p-nitro- 
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anilide is especially desirable. However, one can also use a-benzoyl-lysine-p- 
nitroanilide, t-butoxycarbonyl-arginine-p-nitroanilide, and t-butoxycarbonyl- , 
lysine-p-nitroanilide. In this case, moreover, it is desirable for the sample to be a 
urine sample and for the protease inhibitors to be urinary trypsin inhibitors. 

In the measurement method of this invention, it is desirable for the surface 
active agents to be betaine-type surface active agents. 

In the measurement method of this invention, it is desirable for the amphot- 
eric surface active agent to be at least one of the following: 3-[(3-colamide- 
propyl)dimethylammonio]-l-propanesulfonic acid and 3-[(3-colamidepropyl)- 
dimethylammonio]-2-hydroxy-l-propanesulfonic acid. 

In the measurement method of this invention, it is desirable for the nonionic 
surface active agent to be at least one of the following: polyoxyethylenesorbitan 
monolaurate, polyoxyethylenesorbitan monooleate, polyoxyethylene (23) lauryl 
ether, polyoxyethvlene (20) cetyl ether, polyoxyethylene (10) octylphenyl ether, 
polyoxyethylene nonylphenyl ether, polyoxyethylene alkyl ethers, perfluoroalkyl 
polyoxvethylene ethanols, alkyl fluoride esters, polyethyleneglycol mono-p- 
nonylphenyl ether, polyoxyethylene (30) octylphenyl ether, N,N-bis(3-D-glucon- 
amidepropyl) deoxycolamide, n-octyl-p-d-thioglucoside, and sucrose monolau- 
rate. Examples of the aforementioned polyoxyethylene nonylphenyl ether are 
Noigen EA-80, Noigen EA-120, and Noigen EA-140 (all products of Daiichi 
Kogyo Pharmaceutical Co.). Examples of the aforementioned polyoxyethylene 
alkyl ethers are Softanol [sofutandru] 70, Softanol 90, and Softanol 120 (all prod- 
ucts of Nihon Shokubai Co.). An example of the aforementioned perfluoroalkyl 
polyoxyethylene ethanols is Florad \furoraado] FC-170C (3M Co.), and an example 
of the aforementioned alkyl fluoride esters is Florad FC-430 (3M Co.). An exam- 
ple of the aforementioned'polyoxyethylene (30) octylphenyl ether is Triton X-305 
(Nakarai Tesuku Co.). 

In the measurement method of this invention, the proportions of the ingredi- 
ents of the substrate solution should be are 1-50 mmol/1 substrate, 1-50 wt % 
organic solvent, and 0.1-5 wt % surface active agent with respect to the total 
quantity of the substrate. 

Next, the kit for measuring protease inhibitors of this invention is a protease 
inhibitor measurement kit provided with a protease, a substrate, and calcium; 
the proportion of the aforementioned calcium is 0.15 |imol or more per |xg of the 
aforementioned enzyme and 100 (imol or less per ml of the sample; the aforemen- 
tioned substrate is dissolved in the solution, and this solution contains an organic 
solvent and a surface active agent. The aforementioned surface active agent is at 
least one amphoteric or nonionic surface active agent. 

By using this measurement kit, protease inhibitors can be measured in a 
simple manner, with excellent measurement accuracy and simultaneous repro- 
ducibility, and with no risk of damaging the plastic cells. 

In the measurement kit of this invention, the solution in which the aforemen- 
tioned substrate is dissolved is prepared by diluting the substrate in an organic 
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solvent and diluting this solution with water; it is desirable for either or both the 
aforementioned organic solvent and water to contain a surface active agent. 

In the measurement kit of this invention, the reaction solution is prepared 
bv compounding together the protease, the substrate, the calcium, and the 
sample, the pH of this reaction solution is in the range of 5-9, the concentration 
of the aforementioned enzyme in the aforementioned reaction solution is in the 
range of 5-250 mg/1, and the substrate concentration in the aforementioned 
reaction solution is 0.5-25 mmol/1. 

In the measurement kit of this invention, it is desirable to use DMSO as the 
organic solvent and to use a substrate shown by formula (2) above as the sub- 
strate. It is especially desirable to use a-benzoyl-arginine-p-mtroanilide as the 
substrate. 

In the measurement kit of this invention, it is desirable to use the same 
surface active agents as were mentioned above concerning the measurement 
method of this invention. 

A desirable form of the measurement kit of this invention is one which 
contains the buffer Rl, the enzyme solution R2, and the substrate ^oluhon R3 
mentioned below, in the volume proportions of R1:R2:R3 = 30-90:5-40:5-30. 
(Rl) A buffer solution containing calcium in the ranges of 0.15 ^rnol or more per 
Hg of the aforementioned enzyme and 100 umol or less per ml of the sample. 
(R2) An enzyme solution containing the protease. 

(R3) A substrate solution containing the substrate, an organic solvent, and a 
surface active agent; the aforementioned surface active agent is at least one 
amphoteric surface active agent or nonionic surface active agent. 

Furthermore, in the measurement kit of this invention, the calcium may be 
contained in the aforementioned enzyme solution R2 or the substrate solution K3 
instead of the aforementioned buffer Rl, as long as it has the specific concentra- 
tion measured above. Furthermore, the calcium may also be contained, in the 
aforementioned specific concentration, partly in the aforementioned butter ki 
and partly in the aforementioned enzyme solution R2, or partly in the butter ki 
and partly in the substrate solution R3, or partly in the enzyme solution KZ ana 
partly in the substrate solution R3, or partly in the buffer Rl, partly in the en- 
zyme solution R2, and partly in the substrate solution R3. Moreover, rn the 
measurement kit of this invention, the aforementioned Rl, R2, and R3 may oe 
independent of each other, or it may combine a mixture of any two of the solu- 
tions with the third solution. Specifically, the following three combinations may 
be used: 

(1) A mixture of Rl and R2 + R3 

(2) A mixture of Rl and R3 + R2 

(3) A mixture of R2 and R3 + Rl 
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In combination (3), furthermore, the enzyme and the substrate can be 
mixed, if the enzyme concentration is controlled by regulating the pH, etc. 

Next, the method of dissolving the substrate of this invention is a method in 
which the substrate is dissolved in an organic solvent and this solution is diluted 
with water; at least one amphoteric surface active agent or nonionic surface 
active agent is added to either or both the aforementioned organic solvent or the 
water. 

The method of dissolving the substrate of this invention is not limited to the 
aforementioned protease substrates; it can be applied to the dissolution of var- 
ious kinds of substrates. 

In the method of dissolving the substrate of this invention, a buffer may be 
used instead of the water, in the same manner as was mentioned above, and it is 
desirable to use DMSO as the organic solvent. 

In the method of dissolving the substrate of this invention, the substrates 
and surface active agents which are desirable for use are the same as those 
mentioned above. 

In the method of dissolving the substrate of this invention, the proportions 
of the ingredients of the substrate solution, with respect to the total quantity of 
the solution, are 1-50 mmol/1 substrate, 1-50 wt % organic solvent, and 0.1-5 wt 
% surface active agent. 

Practical Form of This Invention 

Next, this invention will be explained in more detail. 

The method of measuring protease inhibitors of this invention can be per- 
formed, for example by using a protease solution, a substrate solution prepared 
by using an organic solvent and specific surface active agents, and a buffer 
solution with a specific calcium concentration range. 

The enzyme mentioned above may be, for example, trypsin. This trypsin is 
not particularly limited; for example, one can use bovine pancreatic trypsin, por- 
cine pancreatic trypsin, etc. A suitable trypsin concentration is determined by the 
specific activity of the trypsin, but it is ordinarily 10-500 mg/1, preferably 20-100 
mg/1, with respect to the total enzyme solution. Moreover, the pH of this enzyme 
solution may be adjusted to 2.0-3.0 with hydrochloric acid or a buffer in order to 
prevent autodigestion of the trypsin. . * 

Furthermore, chymotrypsin may also be used as another protease. An 
example of a substrate which can be used with chymotrypsin is benzoyl- 
tyrosine-p-nitroanilide. 

Next, the surface active agents used in the aforementioned substrate solu- 
tion are, as mentioned above, amphoteric and /or nonionic surface active agents. 
Preferable surface active agents are as mentioned above; especially desirable 
ones, from the point of view of obtaining still more excellent effects from this 
invention, are 3-[(3<olamidepropyl)dimemylammonio]-l-propanesulfonic acid 
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(CHAPS) and 3-[(3<olamidepropyl)dimethylammonio]-2-hydroxy-l-propane- 
sulfonic acid (CHAPSO). In this invention, the aforementioned surface active 
agents may be used individually or in combinations of 2 or more kinds. 

Moreover, as the substrate of this substrate solution, as mentioned above, 
substrates shown by the aforementioned formula (1) are desirable, and the afore- 
mentioned a-benzoyl-arginine-p-nitroanilide is especially desirable. 

Furthermore, as the aforementioned organic solvent, besides the aforemen- 
tioned DMSO, one can use, for example, dimethylformamide (DMF). 

In this invention, the organic solvent in which the substrate is dissolved is 
diluted with water or a buffer. In this dilution, whether one uses water or a 
buffer, and which kind of buffer is used, is decided by the measurement condi- 
tions, etc. Examples of buffers which can be used are triethanolamine hydrochlo- 
ride buffer solution, tris-hydrochloric acid buffer solution, phosphate buffer 
solution, glycine buffer solution, Veronal hydrochloric acid, Good's [guddo] 
buffer solution, etc. The pH of these buffer solutions is decided according to the 
kind of enzyme used, etc. 

The preparation of the substrate solution of this invention is performed, for 
example, in the following manner. First, the substrate is dissolved in an organic 
solvent. The concentration at this time is ordinarily in the range of 1-50 mg per 1 
mg DMSO. Otherwise, the aforementioned specific surface active agents may be 
dissolved in water or a buffer solution to prepare a surface active agent solution. 
The concentration in this case is determined by the kind of surface active agent 
used, but ordinarily it is in the range of 0.1-5 wt % of the water or buffer solu- 
tion. Then, the substrate solution is prepared by diluting the aforementioned 
organic solvent with the aforementioned surface active agent solution. The 
dilution rate is ordinarily 2-20 times, preferably 10-20 times. Furthermore, the 
surface active agent is ordinarily compounded with the water or buffer solution, 
but it may also be compounded with the organic solvent. 

Next, in this example, the calcium is added to the buffer solution; the con- 
centration is in the range mentioned above, preferably 0.2 ^moi or more per ug of 
the aforementioned enzyme, and 50 umol or less per ml of the sample. The pH of 
this buffer solution should be within a range such that the aforementioned pH of 
the enzyme reaction solution is produced, preferably pH 7-8. Moreover, the kind 
of buffer solution used may be a triethanolamine hydrochloride buffer solubon, 
tris-hydrochloric acid buffer solution, phosphate buffer solution, Good's buffer 
solution, etc. This buffer solution is prepared by an ordinary method. 

Next, the method of measurement of this invention is performed in the 
following way, in the case in which urinary trypsin inhibitors, for example, are 
the object of measurement. 

First, the urine sample, the buffer solution, and the enzyme solution are 
mixed. The proportions (weight ratios) in this case are ordinarily set within the 
ranges of urine solution : buffer solution : enzyme solution = 1:5-10:2-5. Next, 
this mixture is incubated; the incubation conditions are ordinarily 1-5 minutes at 



12 



25-37°C The aforementioned substrate solution is then compounded with the 
result of this incubation, causing a reaction between the aforementioned enzyme 
and substrate. The proportion of this composition is ordinarily in the range of 
5-30 vol % with respect to the whole reaction solution. The reaction conditions 
are ordinarily 1-10 minutes at 25-37°C Moreover, the pH of the reaction solution 
at this time varies with the kind of enzyme used, etc., but in the case of trypsin, 
which is presently under discussion, it is in the range of pH 7-8. Furthermore, 
the enzyme reaction is detected by using a specific method, and the enzyme 
activity is measured. In this reaction, the enzyme reaction is inhibited correspond- 
ing to the quantity of trypsin inhibitors in the aforementioned urine sample. 
Therefore, by making a calibration curve beforehand, using known urinary 
trypsin inhibitors, the quantity of urinary trypsin inhibitors can be measured. 
The method of detecting the aforementioned enzyme reaction may be to measure 
the degree of color which is produced when the enzyme reaction occurs by 
means of a spectrophotometer, etc. Otherwise, the enzyme activity can be mea- 
sured by measuring the concentration of the reaction product. 

Next, the measurement kit of this invention is provided, for example, with 
the aforementioned buffer solution Rl, enzyme solution R2, and substrate solu- 
tion R3. The preparation of these reagents Rl, R2, and R3, can be performed by 
the methods described in the explanation of the measurement method of this 
invention, and the compositions and their proportions are as described above. By 
using this measurement kit, the measurement of the protease inhibitors, such as 
urinary trypsin inhibitors, can be performed in a simple and rapid manner. 

Next, in the method of dissolution of the substrate of this method, the 
substrates used may be, besides the examples given above, Z-glycine-glycine- 
leucine-p-nitroanilide or succmyl-alanine-alanine-alanine-p-nitroanilide. More- 
over, the enzymes used in the method of dissolving the substrate in this inven- 
tion are not particularly limited; one may use, for example, trypsin, chymotryp- 
sin, elastase, subtilisin, plasmin, thrombin, kallikrein, cathepsin B, endopepti- 
dase, or urikinase. 

The method of dissolving the substrate of this invention and measuring it as 
the same as was described in the explanation of the measurement method given 
above. 

Working Examples 
Next, working examples of this invention will be explained. 

Working Example 1 

The buffer solution Rl, enzyme solution R2, and substrate solution R3 were 
prepared as described below. 

Buffer solution Rl: The following ingredients were mixed with purified water in 
the proportions shown below to prepare a buffer solution (pH 7.8), by the ordi- 
nary method. 
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Triethanolamine hydrochloride 0- 2 
CaC1 ^ 0.003 mol/1 

Enzyme solution R2: The following ingredients were mixed in the proportions 
shown below to prepare an enzyme solution, by the ordinary method. 

Bovine pancreatic trypsin 50 
(Type m, 10,000-13,000 BAEE units/mg, Sigma Co.) 

Hydrochloric acid 12 
Substrate solution R3: The necessary quantity of BAPNA was dissolved in 
DMSO and the result was diluted 10 times with an aqueous solution of a specific 
surface active agent to prepare 4 kinds of substrate solution (a-d). Furthermore, 
for comparison, a substrate solution was prepared in the same manner except 
that no surface active agent was included. These compositions are shown below. 

Substrate solution (a) 

BAPNA 500 mg 

DMSO 10 ml 

CHAPSO 2.6 g 

Purified water 90 ml 
Substrate solution (b) 

BAPNA 500 mg 

DMSO 10 ml 

CHAPSO 1.3 g 

Purified water 90 ml 
Substrate solution (c) 

BAPNA 500 mg 

DMSO 10 ml 

CHAPS 2.6 g 

Purified water 90 ml 
Substrate solution (d) 

BAPNA 500 mg 

DMSO 10 ml 

CHAPS 1.3 g 

Purified water 90 ml 
Substrate solution (comparison) 

BAPNA 500 mg 
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DMSO 50 ml 

Purified water 50 ml 

Besides this, aqueous solutions of urinary trypsin inhibitor (UTI, Miraclid 
[mirakuriddo], Mochida Pharmaceutical Co.) were prepared with 3 concentra- 
tions, 0 U/ml, 100 U/ml, and 200 U/ml, and were used as samples. 

Next, 0.14 ml of each sample, 1.8 ml buffer solution Rl and 0.48 ml enzyme 
solution R2 were mixed and kept at 37°C for 1 minute, after which 0.58 ml of the 
aforementioned substrate solution R3 was added and the reaction was started. 
The changes in absorbance (405 nm) within 100 seconds were measured by 
means of a spectrophotometer and relative absorbances (AO.D.) were obtained to 
make the calibration curves shown by the graph in Fig. 1. 

From these results it can be seen that, if the specified surface active agents 
are used in preparing the substrate solution, the enzyme activity of the trypsin is 
increased. Furthermore, the enzyme activity is increased further by using a larger 
quantity of surface active agent in the composition. 

Furthermore, in preparing the substrate solutions of this working example, 
the quantity of DMSO used can be reduced by using the specified surface active 
agents, a sufficient quantity of substrate can be dissolved, and crystallization and 
precipitation of the substrate can be prevented. 



Working Example 2 

Using urine samples from 5 healthy subjects (A, B, C, D, and E), and the 
same buffer solution Rl, enzyme solution R2, and substrate solution R3 (a) as in 
Working Example 1, UTI measurements were performed 3 times in the same 
manner as in Working Example 1 and the UTI quantities were obtained by using 
the calibration curve from Working Example 1. The results are shown in Table 1. 





A 


B 


C 


D 


E 


Measurement values 


11.9 


22.1 


19.2 


8.3 


2.5 


(U/ml) 


11.1 


223 


19.2 


7.7 


4.7 




12.9 


21.6 


18.7 


3.1 


3.7 



It can be seen from Table 1 that reliable UTI values could be obtained by 
this measurement. Furthermore, this measurement was not obstructed by precip- 
itation, etc. 

Working Example 3 

Eighteen substrate solutions were prepared in the same manner as in the 
working examples given above by using / as the surface active agents, polyoxy- 
ethylenesorbitan monolaurate, polyoxyethylenesorbitan monooleate, polyoxy- 



15 



ethylene (23) lauryl ether, polyoxyethylene (20) cetyl emer, po ly oxyethylene (10) 
octylphenyl ether, Softanol [sofutanoru] 70 (Nihon Shokubai Co.), Softanol 90 % 
(Ninon Shokubai Co.), Softanol 120 (Nihon Shokubai Co.), Noigen EA-80 (Daiichi 
Kogyo Pharmaceutical Co.), Noigen EA-120 (Daiichi Kogyo Pharmaceutical Co.), 
Noigen EA-140 (Daiichi Kogyo Pharmaceutical Co.), Florad \furoraado] | FC-170C 
(3M Co.), Florad FC-430 (3M Co.), polyethyleneglycol mono-p-nonylpheny 
ether, Triton X-305 (Nakarai Tesuku Co.), N,N-bis(3-D-gluconamidepropyl) 
deoxycolamide, n-octyl-|3-d-thioglucoside, and sucrose monolaurate. The compo- 
sition of the substrate solution was as follows: 
BAPNA 500 mg 

DMSO 10 ml 

Surface active agent 2.6 g 
Purified water 90 ml 

Next, the solubility of the substrate was investigated for the substrate solu- 
tions mentioned above.' That is, when the aforementioned substrate soluhor* 
were left standing for 24 hours at 4°C, no crystallization and precipitation of toe 
substrate was produced. From this result, it was concluded that sufficient quanti- 
ties of the substrates can be dissolved with a low concentration of Dl^O which- 
ever of the aforementioned nonionic surface active agents was used. Further- 
more, when a comparison experiment was performed by not ^adding a nonionic 
surface active agent, crystallization and precipitation of BAPNA were produced. 

Next, among the substrate solutions prepared in this manner, the one in 
which polyoxyethvlenesorbitan monolaurate was used was taken as the sub- 
strate solution R3. After a calibration curve was made in the same manner as in 
Working Example 1, the UTI quantity was measured for a human urine sample 
in the same manner as in Working Example 2; as a result, theOT quantity was 
29.0 U/ml. In this measurement, no precipitate was produced, and the u 11 
quantity obtained was reliable. 

fiffert* nfTnvention 
As discussed above, by using the method of measuring protease inhibitors 
of this invention, it is possible to obtain excellent measurement accuracy and 
simultaneous reproducibility; the operation of the method is simple, and there is 
no risk of harming the plastic cells. That is, since the calcium concentration is 
specified, a lower value than the true one is not obtained, and no precipitate, 
which causes measurement error, is produced. Furthermore, by using the speci- 
fied surface active agents, the quantity of organic solvent used, which has a Daa 
effect on the enzyme activity of the trypsin, etc., can be reduced, and a sumaem 
quantity of substrate can be added. Furthermore, since the enzyme activity or tne 
trypsin, etc., is higher than in the prior art, the measurement sensitivity is lm- 
proved, as well as the simultaneous reproducibility. In addition, since no precip- 
itate is produced, pre-treatments such as centrifugation are not needed, and since 
the solubility of the substrate is improved, a large quantity of ^ ta J?j2 u T" 
can be prepared at one time, and the operation of the method is simplified wnen 
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compared with the prior art, in which it needed to be prepared specially for each 
measurement. Furthermore, by using the measurement kit of this invention, the 
work involved in preparing each reagent can be reduced and measurements can 
be performed in a short time and in a simple manner. In addition, the method of 
dissolving the substrate in this invention is not limited to substrates of proteases 
such as trypsin; it can also be applied to various other kinds of substrates. 

Brief Explanation of Drawings 
Fig. 1: graph showing calibration curves of UTI in the first working exam- 
ple of this invention. 



Fig.l 




a. 50% DMSO; no surface active agent 

b. 10% DMSO: 2.6% CHAPS 

c. 10% DMSO; 1.3% CHAPS 



d. 10% DMSO; 2.6% CHAPSO 

e. 10% DMSO; 1.3% CHAPSO 
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1 50mg/L 



5 Omg/L 
1 mm o 1 /L 
— BAPN A (i^-ettSL OTHt) fcfflvvfctttt. 

SSHi>, Ulco^^c^rf. 

[0051]I1^77K. L-BAPNA^ 

sk, d, L-BAPNAfcfflvvwft^iOffljesaa* 
[0052] <iytn 2 ) Tiatc^t-j: 3 k, 4mm<r> 

■frffivSttflJ (TRITON X-405. TRITON 
X-100. Tween20, CHAPSW4H) 
£J8vvcuTItf>ffl££*;h.^*i.fT->fc. J2lTfc:iBK 

(Rl, R2. R3) 0ffl&iStV1M&j& : &'Xt. 

[0053] 

0. 5mo 1 /L 
1 5 Omg/L 
0. 1,0. 4MA% 

[0054] 



5 Omg/L 
1 mmo 1 /L 
T, EJGSRJttLfc. *LT, 3 7Xtt:«fflLT2#ia 

comjs. < 4 o 5 n m ) sera* sitfttfrss-esisg L , 

ffi*tiJS*£ (AO. D. ) ;c7)^*Sr, 
fflvSli^jr k fcH 2 «9 4 OC0^7 7 fc^-f . 
[00 57] 02c 7 )4O<7)^'57(C*-tJ;5(C, *fflg 
fflHfclMRW'CEa UTttWt 4 k , UT I coaiS^ 
«jW6i±TSC:kjWJ-3&»6. HR(c» TOvSttS 1 ] 

[00583 ( mm 3 ) TUtm-x o t . waatt 



(7) 



#I*PF 11-75896 



mzmwt&mmcDm&z^z-x. ut i comfezft 

(8HRRR1 : PH8. 1 ) 

CaClr 2H 2 0 
TRITON X-405 

a, Bfrteastio. larata*. ttT*>«#BSj: 

(IHHRR2 : P H3. 0) 
HC 1 

(Wt«R3)tt7 0X:fcJlIiiLfc*(C. 4. Og/L * 
SOSII^T-L -BAP HA$®MtZ Z t lz£ 918$! L 

«i*B : BNII8R2C#ffl«tt#J£» 
(MNtiftRl : PH8. 1 > 

CaC 1 2 • 2H 2 0 
(»*«R2 : pH3. 0) 

HC 1 

TRITON X-405 
(*K«R3)f&7 0'CfclHiBLfc#fc» 4. Og/L 1 
Of I£-CL - B A P N A £ JSH-T 4 ClttcJ; 

(tt«SRl : PH8. 1 ) 

C aC 1 2 • 2H 2 0 
(»*$R2 : PH3. 0) 

HC 1 

(affl»R3)tt70t:C»ttU:5Mc. L-BAPN 
A (4. Og/L) fciVTRITON X-405 

(«WKR1 : PH8. 1 ) 

CaC 1 2 • 2H 2 0 
<»*«R2 : P H3. 0) 

HC 1 

( mnm 3) mi o-adra?a t fc*t= , l-bapn 

a (4. Og/L) J: OBWLfc. 

[0063] mm&) UT I L 

X. OU/m 1 , 5U/ml , 1 OU/m 1 „ fcj:tf2 
0U/mlO48$OilJ£Oi>O£ffiSL, CftSrSMSI 
t U:. 0 1 , ( R 1 ) 2 

oouit3Xxmmm(R2) ioom izm^L. 3 

7"CT' 5#|§3ffiffi LfcSL fiiiSSfM ( R 3 > 10 0 
& LT 2^(acO©*g ( 4 0 5 n m ) Stffcfc BiMtfrg 



[0059] 



0. 5m o 1 /L 
1 50mg/L 
2g/L 

V«MrctHt-c*«. 



50mg/L 
1 mm o 1 /L 



[0060] 



0. 5mo 1 /L 

1 50mg/L 

50mg/L 
1 mm o 1 /L 
4g/L 



[006 1] 



0. 5m o 1 /L 
1 50mg/L 

50mg/L 
1 mmo 1 /L 
(4g/L) tJWlW-SCktciOWItfc. 
[0062] 



0. 5mo 1 /L 
1 50mg/L 

50mg/L 
1 mmo 1 /L 

■■eweu mwm (ao. d. ) z<?> 

[00 64] 03^77(C*-fJ:3t, SMtRlfc 
J:tflHSSR2(c*»LfcBWA, B-Cli, i^JpoM 

*d fcit^, u t i coasasawitu: u:^ t 

S. U>U KH^?SR3MDL/iM*CT-(i, 
JnoafcfrDCJt^. UTIOffljSggfr'fflsTU:. CIO 

WUf. #ffl£tt#J£»t£fc UT I 0gg£S£tti»| 



(8) 



ftHPFl 1-75896 



[0065] ) TEfc*t i 0 1. 

R30«jftfc3fc;lTUT I 

(HIRKRl : PH8. 1 ) 

C aC 1 2 • 2H 2 0 
[0067] 

mmmR2 ■. P H3. o> 

HC 1 

[0068] (S«&R3) 

■ m < o ) 

^7 0°acjDlSL^*t, D, L — B APNA ( 1 . 0 

g/L) fcjgjJWiifctcfcijflWLfc. 

• m < i ) 

D, L-BAPNA£DMSO£j£)!?U 
•^BvSttS'] ( C H A P S O ) -IfcfcJ: 

D, L-BAPNAWg/L. DMSO**10M 
%. CHAPSO#lM%-C'$>l>. 

■ KfiT ( 2 ) 

D, L-BAPNAtftfCL-BAPNASrfflf>^ffe 

• JEfr ( 3 ) 

D, L — BAPNAtCft.i'CL — BAPNA£4 g/L 
cr>m-&-Cm^tl®ii. ( 0 ) fcHttfciHHU:. 
(4) 

^7 0°CtiPSL7t*^, L-BAPNA (4. Og/ 
(4)?tt, CHAPSOSrMHRRRHcO. 5S*% 

[0069] mmm) ut i o&ift&jcsffifc l 

OU/ml, 6. 2 5U/mL 12. 5U/m 

1. 2 5U/ml, 5 0U/m lfcj:t/l OOU/m 1 

luieism o// 1 . (r i ) 2 o o^ i a 

XimmSL (R2) IOOjjI&S&U 3 7TrC5# 
HftiS IfcflL mlB»®?§?S ( R 3 ) 1 0 0 u 1 Sr« 
LT> KJ5$:ISi&L*:„ *LT» 3 7°C{c«iSLT 2# 

rao©^ ( 4 o 5 nm) 3Wfc£s»#«rsa?8ise 
u *aw«bBS(Ao. d. ) 
H4<7)^77^-r„ 

[00 70] 04O777At;L 5-9i05ft^(0, 1. 

2. 3, 4) <50^SS-^T*L^^77T*S.O. 
yyBimU ( 1 ) fcJltfllMr (4 ) ttLtzfyVX' 



m 1 feitOBRiSR 2«BfttT1Etc*t. 
[0066] 

0. 5mo 1 /L 
1 50mg/L 

5 Omg/L 
1 mmo 1 /L 

-H ( 0 . 1 , 2 ) fclHRL-C. *aKBf?»* , C*S«tr 
( 3 ) HXVmJi ( 4 ) fcJofcUT I M&Sftttft* 
o£„ Iffc. L-BAPNA*JHV\ #ffiYStt#J£lg« 
$R 1 KE£UW!«r ( 4 ) OUT I MliSW 

[0071] 

H^#H*tf>»erafcJt*Uf, DMSOSwfrMW 
JgRKiGLttS 

fc <S3 x Y "ZWftth Z b #T * £ . 

[01 ] *fmm&i&0--m*M£ti»x * l-b 

APNAfciVD, L-BAPNA^ffl^taaUtlR* 

[02 ] ^Bflwffl^fto-eo'ffeo^ifeMttjv^T. 

*WHSffittSI*fflVvcuT I <0«£*ff ofce*^* 

[03 ] *%,wnm%i}&cr)2t,izz<7)mcomMmiz)5 

[04] /77Atij:^77Bti. *fsra<aas*sfc 

t u t i fcis***-r/5 yx-hh . 



(9) 



#BR¥1 1-7 58 



[01] 



[02] 



1.00 



0.50 



0.00 



□ D.L-BAPHA 
• l-BAPNA 



300 400 SO0 600 

Tine (Sec) 



[03] 



Triton X-406 



700 





0.85 



0.H 




0 & 10 15 20 
UTI(Ufal) 



0 5 10 15 20 
UTKU/il) 



Triton X-100 




O.M 




5 10 15 20 



0 5 10 15 20 
UTKU/nl) 



[04] 




1.00 



0.60 



0.40 



0.00 



0.00 




0 25 SO 75 100 
UTI (W) 



0 25 50 75 100 
UTI (U/»l) 



0: 0.25g/l D, L-BAPNA 

1: 1g/L D,L-aAPNA, 2.5VDKS0, 0. 25X-CHAPSO 
Z: Ig/L LHttPHA, 2.EHWS0, 0.26X-CHAPS0 
3: Ig/L L-BAPNA 

4: 1fl/L L-ftAPHA, 0.25%-CHAPSO CftlflSfc) 



